By analysing complementary DNA clones constructed from geiiomic RNA of bovine parainfluenza 3 virus (BPIV3), we determined the nucleotide sequence of the region containing the entire F and HN genes. Their deduced amino acid sequences showed about 80 % honiologies with those of human parainf luenza 3 virus (HPIV3) , about 45 % with those of Sendai virus, and about 20 % with those of SV5 and Newcastle disease virus (NDV) , indicating, together with the results described in the preceding paper on the NP, P, C and M proteins of BPIV3, that BPIV3, HPIV3 and Sendai virus constitute a paramyxovirus subgroup, and that BPIV3 and HPIV3 are very closely related. The F and HN proteins of all these viruses, including SV5 and NDV, however, were shown to have protein-specific structures as well as short but well-conserved amino acid sequences, suggesting that these structures and sequences are related to the activities of these glycoproteins. 
BPIV3, which is the causative agent of "shipping fever" of calves, shows considerable strain differences in its glycoprotein activities (7, 8, 9) , and is known to have a close antigenic relationship with human parainfluenza 3 virus (HPIV3) which causes a respiratory infection of children, although these two viruses can be distinguished from each other by detailed serological examinations (4, 10, 11) .
We previously showed by use of monoclonal antibodies against the viral glycoproteins that F protein of BPIV3, like other paramyxoviruses (for example, 12), consists of Fl and F2 subunits linked to each other by disulfide linkages, that the cleavage of the precursor F protein into these subunits is achieved by some cellular endoprotease, and that the HN protein of BPIV3 really does carry both hemagglutinin and neuraminidase activities (13) .
In the preceding paper, we presented the nucleotide sequence of the BPIV3 genome from its 3' end to the terminal point of the membrane (M) protein gene, through the nucleocapsid (NP) protein and polymeraseassociated (P) protein, as well as the non-structural "C" protein genes.
Here we report the nucleotide sequence of the subsequent genome region in which the F and HN genes are located, and compare their deduced amlno acid sequences with those reported for Sendai virus (6, 14, 15, 16, 17) , HPIV3 (18, 19) , SV5 (20, 21) , Newcastle disease virus (NDV) (22, 23) and measles virus (24) .
MATERIALS AMD METHODS

Viruses, preparation of viral RHA, synthesis and cloning of complementary DHA (cDHA)
CDNAs of viral genome RNA were constructed and cloned from the 910N strain of BPIV3, and cDNAs of viral mRNAs from the 910N, M and SC strains of the virus (8, 9) according to the method of Okayama and Berg (25, 26) as described in the preceding paper. Bacterial colonies carrying plasmids were screened for the presence of viral cDNA inserts with the viral 50S RNA probe, and for overlapping cDNA inserts with appropriate cDNA probes, as described previously (6) .
Sequence determination of cDHA
CDNAs were cleaved with appropriate restriction endonucleases into fragments and which were sequenced mainly by the dideoxy method of Sanger et al. (27) using the M13 phage system (28) . In some experiments the chemical cleavage method of was also employed.
Gene expression from cDHA
SV40 transformed CV-1 (COS-1) cells were transfected according to Wong and Hlranao (30) with plasmids containing cDNA inserts, which were primed and cloned with a pcDVl expression vector from the viral mRNAs. The cells were stained by indirect immunofluorescent techniques using rabbit antiserum against 910N virus (31) and mouse monoclonal antibodies directed to the F and HN glycoproteins (13) of the same virus.
Enzymes and other materials
Fluorescein isothiocyanate conjugated (FITC) goat antibody against rabbit IgG was purchased from Behringwerke AG, Marburg, West Germany; FITC rabbit antibody against mouse IgG from Miles-Yeda, Israel; and others were the same as described in the preceding paper.
RESULTS
Hucleotlde sequences of the F and HH genes of BPIV3 genone RHA
The nucleotide sequence of o viral genome region, following the M gene region presented in the preceding paper, was determined from cDNA clones 
HN
were the same clones as those used in the preceding paper to determine the NP, P+C and M genes. Other overlapping clones were selected by colony hybridization tests using appropriate cDNA probes. The nucleotide sequence from position 4,706 to 8,700 of the genome RNA thus deduced is presented in (Fig. 3 ).
When compared with Sendai virus, SV5 and NDV, it was very characteristic of the BPIV3 genome for the 3 1 non-coding region following the Rl of the F gene to be extremely long (235 nucleotides) and highly U-rich. Although a similar feature was also observed in the F gene of HPIV3, the non-coding region of BPIV3 was 42 nucleotides longer (18) .
Aalno acid sequence of the F protein and Ita comparison with those of other paramyioviruses
The F protein of BPIV3 910N strain, deduced from the nucleotide sequence, consisted of 540 amino acids, calculated molecular weight of the . 4) , strongly suggesting that the Arg residue, which was immediately followed by this sequence and preceded by Lys, was also the cleavage site (indicated by arrow in Fig. 4) for the BPIV3 F protein. This basic amino acid layout was identical to that of the cleavage site of the HPIV3 F protein (18) . Another common hydrophobic region, located right at the amino terminal end, and ending in Cys followed by Gin (also underlined in Fig. 4) , was most probably, based on evidence from Sendai virus (14) , the signal peptide.
Moreover, not only 10 Cys residues but also 7 Gly and 4 Pro residues were completely conserved at corresponding positions in these five viruses.
These amino acids are important in determination of tertiary structure of proteins, since Cys forms intramolecular disulfide linkages, and both Gly and Pro promote turns in the secondary structure (34).
In addition, four short but well-conserved regions were noted in all the F proteins (dashed underlines in Fig. 4 ).
As to the presumed Asn-linked carbohydrate attachment sites, which are also indicated in Fig. 4 (the carbohydrate signal sequences in the anchoring domain were neglected), there was considerable variation, and none was conserved among these five viruses, although one site was shared by BPIV3, HPIV3 and Sendai virus, and another by BPIV3, HPIV3, SV5 and NDV. Even between the closely related BPIV3 and HPIV3, each had two and one unique sites, respectively, although they shared three common sites.
Mlno acid sequence of the BH protein and its comparison with those of other paranyxovlruseB
The HN protein of BPIV3 consisted of 572 amino acid residues. Its molecular weight deduced for the non-glycosylated form was 65K while that estimated for the glycosylated form was 76K ( Similarly, as with the F proteins, the HN proteins of these five viruses shared common structural features, despite the variation in amino acid homology among the viruses. The most hydrophobic region in all the viruses was located near the amino terminal (underlined in Fig. 5 thought to act both as an anchor in the viral envelope and as a signal peptide for membrane translocation (6, 16, 17, 19, 21, 22) . Furthermore, 9
Cys, 12 Gly, 6 Pro and 6 Tyr residues were aligned in corresponding positions. Moreover, 9 corresponding positions were occupied by basic residues, Arg or Lys, and 12 by Ser or Thr. In addition, as marked by dashed underlines in Fig. 5 , seven small regions were fairly well conserved in these five viruses, and were therefore thought to have roles in the hemagglutinating and neuraminidase activities.
On the other hand, no Asn-linked carbohydrate attachment signal was conserved in the viruses. All three presumed carbohydrate attachment sites (Asn-Pro-Thr or Ser was excluded, and the signal sequence in the region which seemed to be on the inside of the viral envelope was neglected) of HPIV3 were shared by BPIV3, but the latter had two additional sites, one of which was shared by Sendai virus.
It is very interesting to note that the H protein of measles virus (24) showed only chance homologies (less than 10%) with the HN proteins of these viruses.
DISCUSSIOH
In the present study, we determined the genome structure of the F and HN gene regions of BPIV3 910N strain by analysis of cDNA copies constructed from genomic RNA. Thus, together with the results in our preceding paper, the genome has been elucidated, without gaps, from its 3 1 end to the terminal point of the HN gene, covering 8,638 nucleotides. This region is schematically illustrated in Fig. 6 . The corresponding region of HPIV3, apart from the M gene, has already been determined (18, 19, 35, 36, 37, 38, 39) .
The F and HN genes of BPIV3 share the universal feature of genes of paramyxoviruses in that they are flanked at the 3" end by the starting consensus sequence, here named Rl, and at the 5 1 end by the terminating consensus sequence, R2, which is regarded as the signal for polyadenylation.
A characteristic feature common to BPIV3 and HPIV3 (18) is that the 3"
non-coding region of the F gene, from the Rl to the opening of the coding frame, is extremely long and U-rich, though it is more marked in BPIV3. This could cause the viral RNA polymerase to incorrectly recognize the polyadenylation signal of the M gene, as described in the preceding paper. The main bulk of the sequence was virtually identical in the two strains, but the last region from the 523rd to 549th residue was completely different. Our own analysis demonstrated that there was no such difference between the 910N, SC and H strains of BPIV3 (data not shown).
